Leukemoid reaction is defined as leukocytosis exceeding 50,000 cells/mm 3 . When it occurs in a patient with a malignancy, secondary causes such as infections, drugs, hematologic diseases and hemorrhage need to be ruled out. After excluding such causes, paraneoplastic leukemoid reaction can be considered as a diagnosis of exclusion. Paraneoplastic leukemoid reactions have been described in association with lung, gastrointestinal, genitourinary and head and neck cancers. However, pancreatic cancer with leukemoid reaction has been rarely reported. We diagnosed a case of a 55-year-old Korean woman with extreme leukocytosis associated with advanced pancreatic cancer. (Korean J Gastroenterol 2015;66:116-121) 
INTRODUCTION
Pancreatic cancer is the eighth most commonly diagnosed cancer and the fifth leading cause of cancer related deaths in Korea. 1 The most common presenting symptoms with pancreatic cancer are pain, jaundice and weight loss. More unusual are paraneoplastic syndromes such as Cushing's syndrome, panniculitis, dermatomyositis, arthritis, and recurrent Trousseaus' syndrome. 2 Leukocytosis is reported in most solid tumor types, and is associated with poor prognosis. 3 When extreme leukocytosis occurs, secondary causes such as infections, use of corticosteroids or hematopoietic growth factors, newly developed hematologic disease, metastases to bone and massive hemorrhage need to be ruled out. 4 Paraneoplastic leukocytosis can be diagnosed after excluding such causes. 4 It is mainly associated with lung, breast, brain, renal, gastrointestinal and gynecological cancer.
2
Pancreatic cancer with paraneoplastic leukemoid reaction is rarely reported. We present a case of extreme leukocytosis with pancreatic cancer, which showed mucinous cystic component. To the best of our knowledge, this is the first case to be reported in Korea.
CASE REPORT
A 55-year-old woman presented with a six month history of left flank pain. She was referred for further evaluation of a mass in the tail of pancreas found in kidney CT at a nephrology outpatient clinic eight days prior. Comorbid conditions in- the type of antibiotic used. Chemotherapy was discontinued due to worsening liver function. The maximum WBC count during the course was 173,000 cells/mm 3 . She died shortly after, and her total WBC prior to expiring was 117,840 cells/mm 3 (Fig. 7) .
DISCUSSION
Paraneoplastic leukemoid reaction is rare in patients with primary pancreatic cancer. In literature review, we found only five previous cases of a leukemoid reaction in patients with pancreatic cancer. [5] [6] [7] [8] [9] In 1971, Akoun et al. 7 described the first The mechanisms of cancer-associated leukemoid reactions are poorly understood. The proposed mechanism is that inflammatory cytokine response may cause leukocytosis.
These elevated cytokines can include granulocyte colony-stimulating factor, granulocyte-macrophage−colonystimulating factor, and interleukin-6. 8,9,11-14 Detection of multiple types of cytokine production has also been reported. 13 Unfortunately, we did not check cytokine levels.
In literature review, we found unusual possible etiological factors of leukemoid reaction. Two cases of leukemoid reaction associated with mucin have been reported, including systemic mucormycosis and metastatic mucinous adenocarcinoma of lung origin. 15 The suggested mechanism was that mucin produced by cancer cells attracts and activates the macrophages through the macrophage scavenger receptor. 15, 16 In addition, the mucin may increase expression of cyclooxygenase enzyme (COX-2) in these macrophages. 15 COX-2 converts the arachidonic acid into different prostaglandins. 15 Prostaglandin E2 (PGE2) secreted from the macrophages promotes the PGE2 production from macrophages itself as well as from nearby cells. In other words, mucin activates macrophages that secrete prostaglandins and tumor necrosis factor, increasing vascular permeability, pooling the leukocytes to the site of mucin production and in the blood stream. 15 As a result, the literature described the mucinous component as the agent that had attracted neutrophils to the blood circulation. 15 Likewise our patient had a mucinous component on histologic examination and the mucinous component may have contributed to the leukemoid reaction.
Patients with malignant solid tumors can develop paraneoplastic syndromes including leukocytosis. Paraneoplastic leukemoid reaction may be a poor prognostic factor unless effective antineoplastic treatment is conducted. 4 Further understanding of the mechanisms of these conditions and identification of such conditions may contribute to the development of new therapeutic strategies in cancer patients, and would be beneficial in the assessment of disease prognosis.
